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THE PROBLEM OF CONSCIOUSNESS IN 
ITS BIOLOGICAL ASPECTS.* 

Our Association meets in Pittsburgh for 
the first time. "We are glad to indicate by 
our assembling here our appreciation of the 
immense work for the promotion of educa- 
tion and science which has begun in this 
city and already is of national value. It 
has been initiated with so great wisdom 
and zeal that we expect it to render services 
to knowledge of the highest character, and 
we are glad to be guests of a city and of 
institutions which are contributing so nobly 
to the cause of science. 

"We may congratulate ourselves on the 
bright prospects of the Association. Our 
membership has grown rapidly, and ought 
soon to exceed four thousand. Every 
member should endeavor to secure new ad- 
herents. For our next meeting we are to 
break with the long tradition of summer 
gatherings, and assemble instead at New 
Tear's time, presumably at Washington. 
To render this possible it was necessary to 
secure the cooperation of our universities, 
colleges and technical schools, to set aside 
the week in which the first of January falls, 
as Convocation Week for the meeting of 
learned societies. The plan, owing to the 
cordial and almost universal support given 
by the higher educational institutions, has 

* Address of the President of the American 
Association for the Advancement of Science. 
Pittsburgh Meeting, June 28 to July 3, 1902. 
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been successfully carried through. For the 
winter meetings we have further succeeded 
in securing the cooperation of numerous 
national societies. The change in our time 
of meeting is an experiment which we ven- 
ture upon with the greater confidence, be- 
cause of the success of our present meeting 
in Pittsburgh. 

For my address this evening I have 
chosen the theme: ' The Problem of Con- 
sciousness in its Biological Aspects. ' I hope 
both to convince you that the time has 
come to take up consciousness as a strictly 
biological problem, and also to indicate the 
nature of that problem, and some of the 
actual opportunities for investigating it. 
It is necessary to begin with a few words 
on the philosophical interpretation. We 
shall then describe the function of con- 
sciousness in animal life, and consider its 
part in the evolution of animals and of 
man. The views to be stated suggest certain 
practical recommendations, after present- 
ing which I shall conclude by offering an 
hypothesis of the relation of consciousness 
to matter and force. 

Consciousness is at once the oldest prob- 
lem of philosophy and one of the youngest 
problems of science. The time is not yet 
for giving a satisfactory definition of con- 
sciousness, and we must fain content our- 
selves with the decision of the metaphysi- 
cian, who postulates consciousness as an 
ultimate datum or concept of thought, mak- 
ing the brief dictum cogito, ergo sum the 
pivot about which his system revolves. I 
have endeavored vainly to discover by read- 
ing and by questioning those philosophers 
and psychologists whom I know, some deep- 
er analysis of consciousness, if possible, 
resolving it into something more ultimate. 

Opinions concerning consciousness are 
many and often so diverse as to be mutually 
exclusive, but they may be divided into two 
principal classes. The first class includes 



all those views which make of consciousness 
a real phenomenon; the second, those views 
which interpret it as an epiphenomenon. 
We are, I think practically all, agreed that 
the fundamental question is: Does or does 
not consciousness affect directly the course 
of events?— or, stated in other words, is 
consciousness a true' cause? In short, we 
encounter at the outset the problem of free- 
will ; of which more later. 

The opinion that consciousness is an 
epiphenomenon has gained renewed prom- 
inence in recent times, for it is, so to speak, 
a collateral result of that great movement 
of European thought which has culminated 
in the development of the doctrine of mon- 
ism. Monism itself is postulated chiefly 
upon the two greatest discoveries of the 
nineteenth century— the law of the conser- 
vation of energy, and the law of the evolu- 
tion of species. Both laws establish a 
greater unity in the phenomena of the uni- 
verse than mankind had previously been 
able to accept. In the physical world, in- 
stead of many forces, we now recognize 
only one force, which assumes various 
forms of energy; and in the living world 
we recognize one life, which manifests it- 
self in many types of form. With these 
two unities in mind, what could be nearer 
than the thought that the unity goes still 
deeper, and that the phenomena of the in- 
animate or physical, and of the living world 
are fundamentally identical? The pro- 
gress of physiological science has greatly 
increased the impetus towards the adoption 
of this thought as the cardinal dogma of 
the new faith, because the work of phys- 
iologists has been so devoted to the physical 
and chemical phenomena of life, that the 
conviction is widespread that all vital phe- 
nomena are capable of a physical explana- 
tion. Assuming that conviction to be cor- 
rect, it is easy to draw the final conclusion 
that the physical explanation suffices for 
the entire universe. As to what is, or may 
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be, behind the physical explanation, com- 
plete agnosticism is of course the only pos- 
sible attitude. Such in barest— but I be- 
lieve correct— outline is the history of 
modern monism — the doctrine that there is 
but one kind of power in the universe. 

It is evident that monism involves the 
elimination of two concepts, God and con- 
sciousness. It is true that monists some- 
times use these words, but it is mere jug- 
glery, for they deny the concept for which 
the words actually stand. Now conscious- 
ness is too familiar to all men to be sum- 
marily cast aside and dismissed. Some 
way must be found to account for it. 
From the monistic standpoint there is a 
choice between two possible alternatives; 
either consciousness is a form of energy, 
like heat, etc., or it is merely a so-called 
epiphenomenon. As there is no evidence 
that consciousness is a form of ^energy, 
only the second alternative is in reality 
available, and in fact has been adopted 
by the monists. 

It is essential to. have a clear notion of 
what is meant by an epiphenomenon. 
Etymologically the word indicates some- 
thing which is superimposed upon the ac- 
tual phenomenon. It designates an ac- 
companying incident of a process which is 
assumed to have no causal relation to the 
further development of the process. In 
practice it is used chiefly in regard to the 
relation of the mind or consciousness to 
the body, and is commonly employed by 
those philosophers who believe that con- 
sciousness has no causal relation to any 
subsequent physiological process. 

For many years I have tried to recognize 
some actual idea underneath the epiphe- 
nomenon hypothesis of consciousness, but 
it more and more seems clear to me that 
there is no idea at all, and that the hypoth- 
esis is an empty phrase, a subterfuge, 
which really amounts only to this — we can 
explain consciousness very easily by merely 



assuming that it does not require to be 
explained at all. Is not that really the 
confession made by the famous assertion 
that the consciousness of the brain no 
more requires explanation than the aquos- 
ity of water ? 

Monism is not a strong system of phi- 
losophy, for it is not so much the product 
of deep and original thinking as the result 
of a contemporary tendency. It is not the 
inevitable end of a logical process, because 
it omits consciousness, but rather an in- 
cidental result of an intellectual impulse. 
Its very popularity betokens its lack of 
profundity, and its delight in simple for- 
mulae is characteristic of that mediocrity 
of thought which has much more ambi- 
tion than real power and accepts simplic- 
ity of formularizationi as equivalent to 
evidence. It would seem stronger too, if 
it were less defended as a faith. Strong 
partizans make feeble philosophers. 

Consciousness ought to be regarded as 
a biological phenomenon, which the biolo- 
gist has to investigate in -order to increase 
the number of verifiable data concerning 
it. In that way, rather than by specula- 
tive thought, is the problem of conscious- 
ness to be solved, and it is precisely be- 
cause biologists are beginning to study 
consciousness that it is becoming, as I 
said in opening, the newest problem of 
science. 

The biologist must necessarily become 
more and more the supreme arbiter of all 
science and philosophy, for human knowl- 
edge is itself a biological function which 
will become comprehensible just in the 
measure that biology progresses and brings 
knowledge of man, both by himself and 
through comparison with all other living 
things. We must look to biologists for the 
mighty generalizations to come rather 
than to the philosophers, because great new 
thoughts are generated more by the ac- 
cumulation of observations than by deep 
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meditation. To know, observe. Observe 
more and more, and in the end you will 
know. A generalization is a mountain of 
observations; from the summit the out- 
look is broad. " The great observer climbs 
to the outlook; while the mere thinker 
struggles to imagine it. The best that can 
be achieved by sheer thinking on the data 
of ordinary human experience we have 
already as our glorious inheritance. The 
principal contribution of science to human 
progress is the recognition of the value 
of accumulating data which are found out- 
side of ordinary human experience. 

Twenty-three years ago, at Saratoga, I 
presented before the meeting of this Asso- 
ciation — which I then attended for the 
first time— a paper, 'On the Conditions to 
be Filled by a Theory of Life,' in which I 
maintained that, before we can form a 
theory of life, we must settle what are the 
phenomena to be explained by it. So now, 
in regard to consciousness it may be main- 
tained that, for the present, it is more im- 
portant to seek additional positive knowl- 
edge than to hunt for ultimate interpreta- 
tions. We welcome therefore especially 
the younger science of experimental psy- 
chology, which, .it is gratifying to note, 
has made a more auspicious start in 
America than in any other country. It 
completes the circle of the biological sci- 
ences. It is the department of biology 
to which properly belongs the problem of 
consciousness. The results of experi- 
mental psychology are still for the most 
part future. But I shall endeavor to show 
that we may obtain some valuable prelim- 
inary notions concerning consciousness 
from our present biological knowledge. 

We must begin by accepting the direct 
evidence of our own consciousness as fur- 
nishing the basis. We must further ac- 
cept the evidence that consciousness exists 
in other men essentially identical with the 
consciousness in each of us. The anatom- 



ical, physiological and psychological evi- 
dence of the identity of the phenomena in 
different human individuals is, to a scien- 
tific mind, absolutely conclusive, even 
though we continue to admit cheerfully 
that the epistemologist rightly asserts that 
no knowledge is absolute, and that the 
metaphysician rightly claims that ego is 
the only reality and everything else exists 
only as ego's idea, because in science as in 
practical life we assume that our knowl- 
edge is real and is objective in source. 

For^ the purpose of the following dis- 
cussion we must define certain qualities or 
characteristics of consciousness. The most 
striking distinction of the processes in liv- 
ing bodies, as compared with those in in- 
animate bodies, is that the living processes 
have an object— they are teleological. The 
distinction is so conspicuous that the biol- 
ogists can very often say why a given struc- 
ture exists, or why a given function is 
performed, but how the structure exists or 
how the function is performed he can tell 
very imperfectly, more often not at all. 
Consciousness is only a particular ex- 
ample; though an excellent one of this 
peculiarity of biological knowledge — we do 
not know what it is, we do not know how it 
functions, but we do know why it exists. 
Those who are baffled by the elusiveness of 
consciousness when we attempt to analyze 
it will do well to remember that all other 
vital phenomena are in the last instance 
equally and similarly elusive. 

In order to determine the teleological 
value of consciousness, we must endeavor 
to make clear to ourselves what the es- 
sential function is which it performs. As 
I have found no description or statement 
of that function which satisfied me, I have 
ventured, perhaps rashly, to draw up the 
following new description: 

The function of consciousness is to dis- 
locate in time the reactions from sensa- 
tions. 
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In one sense this may be called a defini- 
tion of consciousness, but inasmuch as it 
does not tell what consciousness is, but 
only what it does, we have not a true defi- 
nition, but a description of a function. 
The description itself calls for a brief ex- 
planation. We receive constantly numer- 
ous sensations, and in response to these 
we do many things. These doings are, 
comprehensively speaking, our reactions to 
our sensations. When the response to a 
stimulus is obviously direct and immediate 
we call the response a reflex action, but 
a very large share of our actions are not 
reflex but are determined in a far more 
complicated manner by the intervention of 
consciousness, which may do one of two 
things: (1) Stop a reaction, as, for ex- 
ample, when something occurs, calling, as 
it were, for our attention and we do, not 
give our attention to it. This we call con- 
scious inhibition. It plays a great role 
in our lives; but it does not mean neces- 
sarily that inhibited impressions may not 
survive in memory and at a later time 
determine the action taken; in such cases 
the potential reaction is stored up. (2) 
Consciousness may evoke a reaction from 
a remembered sensation and combine it 
with sensations received at other times. In 
other words, consciousness has a selective 
power, manifest both in choosing from 
sensations received at the same time and 
in combining sensations received at differ- 
ent times. It can make synchronous im- 
pressions dyschronous in their effects, and 
dyschronous impressions synchronous. But 
this somewhat formidable sentence merely 
paraphrases our original description: The 
function of consciousness is to dislocate 
in time the reactions from sensations: 

This disarrangement and constant rear- 
rangement of the sensations, or impressions 
from sensations, which we gather, so that 
their connections in time are altered seems 
to me the most fundamental and essential 



characteristic of consciousness which we 
know. It is not improbable that hereafter 
it will become possible to give a better char- 
acterization of consciousness. In .that case 
the opinion just given may become -unsatis- 
factory, and have to yield to one based on 
greater knowledge. The characteristic we 
are considering is certainly important, and 
so far as the available evidence goes it 
belongs exclusively to consciousness. With- 
out it life would have no interest, for there 
would be no possibility of experience, no 
possibility of education. 

Now the more we have learned about 
animals, the better have we appreciated the 
fact that in them only such structures and 
functions are preserved as are useful, or 
have a teleological value. Formerly a good 
many organs were called rudimentary or 
vestigial and supposed to be useless sur- 
vivals because they had no known func- 
tion. But in many cases the functions have 
since been discovered. Such, for example, 
were the pineal gland, the pituitary body, 
the suprarenal capsules and the Wolffian 
body of man, all of which are now recog- 
nized to be functionally important struc- 
tures. Useless structures are so rare that 
one questions whether any exist at all, ex- 
cept on an almost insignificant scale. It 
has accordingly become well-nigh impos- 
sible for us to imagine consciousness to 
have been evolved, as it has been, unless it 
had been bionomically useful. Let us there- 
fore next consider the value. of conscious- 
ness from the standpoint of bionomics.* 

We must begin with a consideration of 
the nature of sensations and the object of 
the reactions which they cause. In the 
simpler forms of nervous action a force, 
usually but not necessarily external to the 
organism, acts as a stimulus which causes 

* A convenient term, recently gaining favor, for 
what might otherwise he called the economics of 
the living organism. Bionomics seems preferahle 
to ecology, which some writers are adopting from 
the German. 
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an irritation; the irritation produces a re- 
action. Within the ordinary range of the 
stimuli to which an organism is subjected, 
the reaction is teleological, that is, it tends 
to the benefit of the organism. A familiar 
illustration is the presence of food in the 
stomach, which produces a stimulus, the re- 
action to which is manifested by the secre- 
tion of the digestive fluid for the purpose 
of digesting the food. An organism might 
conceivably be maintained solely by this 
mechanism in cooperation with the physical 
laws which govern all matter. Life in such 
an organism would be a succession of teleo- 
logical processes, essentially mechanical 
and regulated automatically by the organ- 
ism. By ' far the majority of biologists 
regard plants as essentially conforming to 
this type of life. "Whether they absolutely 
so conform we do not, of course, yet know. 
A sensation involves the interpolation of 
consciousness between the stimulation and 
the reaction, and in consequence there is 
established the possibility of a higher order 
of adjustment to the external world than 
can be attained through the teleological 
reaction to a stimulus. This possibility de- 
pends upon the fact that the intervention 
of consciousness permits an adjustment in 
accordance not merely with the immediate 
sensation, but also, and at the same time, 
in accordance with earlier sensations. 
Thus, for example, the child sees an object, 
and its reaction is to take hold of the object, 
which is hot and hurts the child. Later the 
child sees the object again and its natural 
reaction Is to take hold of it again, but the 
child now reacts differently because its con- 
sciousness utilizes the earlier as well as the 
present sensation; the previous sensation 
is dislocated in time and fused with the 
present sensation and a new reaction fol- 
lows. No argument is necessary to estab- 
lish the obvious conclusion that an organ- 
ism which has consciousness has an im- 
mensely increased scope for its adjustments 



to the external conditions; in other words 
consciousness has a very high value for the 
organism. It is unnecessary to dwell upon 
this conclusion, for it will be admitted by 
every one, except perhaps those who start 
with the a priori conviction that conscious- 
ness is an epiphenomenon. 

A sensation gives information concern- 
ing the external world. Perhaps science 
has achieved nothing else which has done 
so much to clarify philosophy as the demon- 
stration that the objective phenomena are 
wholly unlike the subjective sensations. 
Light is' a series of undulations, but we do 
not perceive the undulation as such, but 
as red, yellow and green, or as we say 
colors ; the colors give us available informa- 
tion, and we use them as so many labels, 
and we learn that reactions to these labels 
may be helpful or hurtful, and so we regu- 
late our conduct. Objectively red, yellow 
and green do not exist. Similarly with the 
vibrations of the air, certain of which cause 
the sensation of sound, which is purely 
subjective. But the sound gives us infor- 
mation concerning our surroundings, which 
we utilize for our teleological needs, al- 
though in nature external to us there is 
no sound at all. Similarly all our other 
senses report to us circumstances and con- 
ditions, but always the report is unlike the 
external reality. Our sensations are sym- 
bols merely, not images. They are, how- 
ever, bionomically sufficient because they 
are constant. They are useful not because 
they copy the external reality or represent 
it, but because, being constant results of 
external causes, they enable consciousness 
to prophesy or foresee the results of the 
reactions of the organism, and to maintain 
and improve the continual adjustment to 
the external reality. 

The metaphysicians have for centuries 
debated whether there is any external ob- 
jective reality. Is it too much to say that 
the biological study of consciousness settles 
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the debate in favor of the view that the 
objective world is real ? 

Consciousness is not only screened from 
the objective world from which it receives 
all its sensations, but also equally from im- 
mediate knowledge of the body through 
which it acts. As I write this sentence I 
utilize vaso-motor nerves, regulating the 
cerebral blood currents, and other nerves 
which make my hand muscles contract and 
relax, but of all this physiological work 
my consciousness knows nothing though it 
commands the work to be done. The con- ■ 
tents "of consciousness are as unlike what is 
borne out from it as they are unlike what 
is borne in to it. 

The peculiar untruthfulness to the ob- 
jective which consciousness exhibits in 
what it gets and gives would be perplexing 
were it not that we have learned to recog- 
nize in consciousness a device to secure 
better adjustment to external reality. For 
this service the system of symbols is success- 
ful, and we have no ground for supposing 
that the service would be better if con- 
sciousness possessed direct images or copies 
instead of symbols of the objective world. 

Our sensory and motor* organs are the 
servants of consciousness; its messengers 
or scouts; its agents or laborers; and the 
nervous system is its administrative office. 
A large part of our anatomical character- 
istics exist for the purpose of increasing 
the resources of consciousness, so that it 
may do its bionomic function with greater 
efficiency. Our eyes, ears, taste, etc., are 
valuable, because they supply conscious- 
ness with data; our nerves, muscles, bones, 
etc., are valuable, because they enable con- 
sciousness to effect the needed reactions. 
. Let us now turn our attention to the 
problem of consciousness in animals. The 
comparative method has an importance in 
biology which it has in no other science, 

* And other organs in efferent relations to 
consciousness. 



for life exists in many forms which we 
commonly call species. Species, as I once 
heard it stated, differ from one another 
with resemblance. The difference which 
resembles we term an homology. Our 
arm, the bird's wing, the lizard's front 
leg are homologous. The conception of 
homology both of structure and of func- 
tion lies at the basis of all biological sci- 
ence, which must be and remain incompre- 
hensible to any mind not thoroughly im- 
bued with this conception. Only those 
who are deficient in this respect can. fail 
to understand that the evidence is over- 
whelming that animals have a conscious- 
ness homologous with the human conscious- 
ness. The proof is conclusive. As re- 
gards at least mammals— I think we could 
safely say as regards vertebrates— the 
proof is the whole sum of our knowledge 
of the structure, functions and life of 
these animals. 

As we descend the animal scale to lower 
forms there is no break and therefore no 
point in the descent where we can say here 
animal consciousness ends, and animals be- 
low are without it. It seems inevitable 
therefore to admit that consciousness ex- 
tends far down through the animal king- 
dom, certainly at least as far down as there 
are animals with sense organs or even the 
most rudimentary nervous system. It is 
unsatisfactory to rely chiefly on the ana- 
tomical evidence for the answer to our 
query. We await eagerly results from 
psychological experiments on the lower in- 
vertebrates. A sense organ however im- 
plies consciousness, and since such organs 
occur among coelenterates we are led to 
assign consciousness to these animals. 

The series of considerations which we 
have had before us lead directly to the con- 
clusion that the development and improve- 
ment of consciousness has been the most 
important, really the dominant, factor in 
the evolution of the animal series. The 
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sense organs have been multiplied and per- 
fected in order to supply consciousness 
with a richer, more varied and more trust- 
worthy store of symbols corresponding to 
external conditions. The nervous system 
has grown vastly in complexity in order to 
permit a constantly increasing variety in 
the time dislocations of sensation. The 
motor and allied apparatus have been mul- 
tiplied and perfected in order to supply 
consciousness with more possibilities of ad- 
justment to external reality which might 
be advantageous. 

If we thus assign to consciousness the 
leading role in animal evolution we must 
supplement our hypothesis by another, 
namely, that conscious actions are primary ; 
reflex and instinctive actions secondary, or, 
in 'other words, that, for the benefit of the 
organism, conscious ■ actions have been 
transformed into reflexes and instincts. 
Unfortunately we must rely chiefly on 
future physiological and psychological ex- 
periments to determine the truth of this 
hypothesis. Its verification, however, is 
suggested by certain facts in the compara- 
tive physiology of the vertebrate nervous 
system, which tend to show that in the 
lower forms (amphibia) a certain degree of 
consciousness presides over the functions of 
the spinal cord, which in mammals is de- 
voted to reflex actions. Its verification is 
further suggested by the natural history of 
habits. As we all know, new actions are 
performed with difficulty and slowly, but if 
often repeated they are soon easier and 
more rapid. If a given reaction to a sen- 
sation or group of sensations through con- 
sciousness is advantageous to the organism 
and the environment is such that the sen- 
sation is often repeated, then a habit, is 
formed and the response becomes more 
rapid, and often in ourselves we see habits 
which arose from conscious action working 
almost without the participation of con- 
sciousness, and moreover working usefully 



because rapidly. The usefulness of con- 
scious reactions is that they are determined 
not merely by the present sensation but 
also by past sensations, but they have the 
defect that they are slow. We can readily 
understand that it would aid an organism 
to have the quicker reaction substituted, 
and we thus recognize a valid teleological 
reason for the replacement of conscious 
action by habits in the individual, by in- 
stincts in the race. The investigation of 
the evolution of reflexes and instincts is 
one of the important and most promising 
tasks of comparative psychology. 

A frank unbiased study of consciousness 
must convince every biologist that it is 
one of the fundamental phenomena of at 
least animal life, if not, as is quite x>os- 
sible, of all life. Nevertheless its consid- 
eration has barely a place in biological 
science, although it has long occupied a 
vast place in philosophy and metaphysics. 
If this address shall contribute to a clearer 
appreciation of the necessity of treating 
consciousness as primarily a problem for 
biological research to solve, my purpose 
will be achieved. In an ideal world phi- 
losophers and scientists would be identical ; 
in the actual world there are philosophical 
scientists and scientific philosophers, but 
in the main the followers of the two dis- 
ciplines pursue paths which are unfortu- 
nately distinct. The philosophical mind is 
of a type unlike the scientific. The former 
tries to progress primarily by thought 
based on the data available, the latter seeks 
to advance primarily by collecting addi- 
tional data. The consequence of this dif- 
ference is that philosophy is dependent 
upon the progress of science, but we who 
pursue the scientific way make no greater 
mistake than to underestimate philosophy. 
The warning is needed. Data of observa- 
tion are a treasure and very precious. 
They are the foundation of our mental 
wealth, but that wealth consists of the 
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thought into which the data are trans- 
mitted. In pleading therefore for an in- 
creased observational study of conscious- 
ness we plead, not merely for science, but 
equally for philosophy. The scientific 
progress must come first. Hence we urge 
the advantage of investigating conscious- 
ness in its immediate revelations which are 
accessible now. Let us give up the ineffec- 
tual struggle to discover the essential na- 
ture of consciousness until we can renew 
it with much larger resources of knowl- 
edge. 

The psychologists ought now to apply 
the comparative method oh a grand scale. 
They are just beginning to use it. Years 
of patient labor must pass by, but the re- 
ward will be very' great. . The psychic life 
of animals must be minutely observed, the 
conditions of observation carefully regu- 
lated and the results recorded item by item. 
The time has passed by for making general- 
izations on the basis of our common, vague 
and often inexact notions concerning the 
habits of animals. Exact experimental 
evidence will furnish a rich crop of psy- 
chological discovery. Scientific psychol- 
ogy is the most backward in its develop- 
ment of all the great divisions of biology. 
It needs, however, little courage to proph- 
esy that it will bring forth results of mo- 
mentous importance to mankind. After 
data have been gathered, generalization 
will follow which, it may be hoped, will 
lead us on to the understanding of even 
consciousness itself. 

The teleological impress is stamped on 
all life. Vital functions have a purpose. 
The purpose is always the maintenance of 
the individual or of the race in its environ- 
ment. The entire evolution of plants and 
animals is essentially the evolution of the 
means of adjustment of the organism to 
external conditions. According to the 
views I have laid before you, consciousness 
is a conspicuous, a commanding, factor 



of adjustment in animals. Its superiority 
is so great that it has been, so to speak, 
eagerly seized upon by natural selection 
and provided with constantly improved 
instruments to work with. A concrete 
illustration will render the conception 
clearer. In the lowest animals, the 
ccelenterates, in which we can recognize 
sense organs, the structure of them is very 
simple, and they serve as organs of touch 
and of chemical sensation resembling taste. 
In certain jelly fishes we find added special 
organs of orientation and pigmented spots 
for the perception of light. In worms we 
have true eyes and vision. In vertebrates 
we encounter true sense of smell. Fishes 
cannot hear, but in the higher vertebrates, 
that is from the amphibians up, there are 
true auditory organs. In short, both the 
senses once evolved are improved and also 
new senses are added. It is perfectly con- 
ceivable ihat there should be yet other 
senses, radically different from any we 
know. Another illustration, and equally 
forcible, of the evolution of aids to con- 
sciousness might be drawn from the com- 
parative history of the motor systems, 
passing from the simple contractile thread 
to the striated muscle fiber, from the prim- 
itive diffuse musculature of a hydroid to 
the highly specialized and correlated mus- 
cles of a mammal. 

It is interesting to consider the evolution 
of adjustment to external reality in its 
broadest features. In the lowest animals 
the range of the possible adjustment is 
very limited. In them not only is the 
variety of possible actions small, but they 
cover also a small period of time. In 
animals which have acquired a higher or- 
ganization the adjustments are more com- 
plex, both because the reactions are more 
varied and because they cover a longer 
period of time. Thus the jelly fish de- 
pends upon such food as happens to come 
within its reach, seizing from moment to 
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moment that which it encounters; but a 
lobster pursues its food, making compli- 
cated movements in order to reach and 
seize it. One can trap lobsters easily; I 
doubt if one could trap a jelly fish at all. 
The next great advance is marked by the 
establishment of communication between 
individuals of the same species. About 
this phenomenon we know exceedingly 
little; the investigation of it is one of the 
most important duties of the comparative 
physiologist. Its bionomie value is ob- 
viously great, for it allows an individual 
to utilize the experience of another as well 
as its own. We might, indeed, compare 
it with the addition of a new sense, so 
greatly does it extend the sources of infor- 
mation. The communication between in- 
dividuals is especially characteristic of 
vertebrates, and in the higher members of 
that subkingdom it plays a very great role 
in aiding the work of consciousness. In 
man, owing to articulate speech, the factor 
of communication has acquired a max- 
imum importance. The value of language, 
our principal medium of communication, 
lies in its aiding the adjustment of the in- 
dividual and the race to external reality. 
Human evolution is the continuation of 
animal evolution, and in both the dominant 
factor has been the increase of the re- 
sources available for consciousness. 

In practical life it is convenient to dis- 
tinguish the works of nature from the 
works of man, the ' natural ' from the ' arti- 
ficial.' The biologist, on the contrary, 
must never allow himself to forget that 
man is a part of nature and that all his 
works are natural works. This is specially 
important for the present discussion, for 
otherwise we are likely to forget also that 
man is as completely subject to the neces- 
sity of adjustment to external reality as 
any other organism. From the biological 
standpoint all the work of agriculture, of 
manufactures, of commerce and of govern- 



ment is a part of the work of consciousness 
to secure the needed adjustments. All 
science belongs in the same category as the 
teleologieal efforts of a jelly fish or a 
lobster. It is work done at the command 
of consciousness to satisfy the needs of ex- 
istence. The lesson of all this to us is that 
we should accustom ourselves to profit by 
our understanding of the trend of evolu- 
tion, which, in the progress humanity 
makes, obeys the same law of adaptation to 
objective reality which has controlled the 
history of animals. This view of the con- 
ditions of our existence puts science in its 
right place. As all sensations are symbols 
of external reality useful to guide organ- 
isms to teleologieal reactions, so is all sci- 
ence symbolic and similarly useful. 

Nature never produces what to us seems 
a perfect organism, but only organisms 
which are provided with means of adjust- 
ment sufficient to accomplish the survival 
and perpetuation of the species. Man also 
is imperfect, but in the struggle for exist- 
ence wins his way because his consciousness 
has greater resources than that of any other 
organism. His great power arises from his 
appreciation of evolution. His highest 
duty is to advance evolution, and this duty 
must be most strongly felt by those who 
accept the religious interpretation of life. 
The advancement of science is an obliga- 
tion. To this view of the work of our As- 
sociation I may safely claim the assent of 
all present. 

The function of science is to extend our 
acquaintance with the objective world. 
The purpose of the American Association 
is not alone to increase the sum total of 
science, but equally also to preach by word 
and precept the value of truth, truth being 
the correct conscious symbol of the object- 
ive, by utilizing which our purposeful re- 
actions are improved. The most serious 
obstacle truth encounters is the prevalence 
of what I may call 'doll ideas' — by anal- 
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ogy with the material dolls, with which 
children play. The child makes believe 
with the doll, knowing all the time its un- 
reality, assigns to it hopes, passions, appe- 
tites ; the child may feel the intensest sym- 
pathy with its doll, weep at its sorrows, 
laugh over its joys, yet know always that 
it is a mere inanimate, senseless doll. 
Adult men and women have ideas, with 
which they play make-believe; doll ideas, 
which they know are unreal, and yet they 
mourn sincerely over the adversities of 
their mental dolls, rejoice over their suc- 
cesses and fight for them with passion. 
Such doll ideas become mingled with the 
real and inextricably woven into the fab- 
ric of life. They are treated with the most 
earnest seriousness. Men will fight for 
them as a child will fight for its doll, not 
because it is property, but because it is a 
sacred personality. So are doll ideas often 
made sacred and defended with fanaticism. 
Yet, behind, in consciousness is the sense 
of unreality, the disregarded admission of 
'making believe.' Do not doll ideas, pseu- 
do-opinions, play a great role in human 
life? I think they do, and thinking so, 
deem it all the more imperative that you 
and others should teach the people the 
standard of science, the humble acknowl- 
edgment of reality. I wish that an im- 
pulse toward this goal from our Association 
could be imparted to every man and woman 
in the country, and I hope that the Asso- 
ciation may continue to grow in number 
and power for long years to come, as it has 
grown in the last few years, so that it shall 
be a national, all-pervading influence serv- 
ing the truth. 

It seems to me inconceivable that the 
evolution of animals should have taken 
place as it actually has taken place, 
unless consciousness is a real factor and 
dominant. Accordingly I hold that it ac- 
tually affects the vital processes. There is, 
in my opinion, no possibility of avoiding 



the conclusion that consciousness stands 
in immediate causal relations with physio- 
logical processes. To say this is to abide 
by the facts, as at present known to us, 
and with the facts our conceptions must be 
made to accord. 

The thought which I wish to emphasize 
is the importance for the future investiga- 
tion of consciousness of separating the 
study of what it does from the study of 
what it is. The latter study is recondite, 
metaphysical, and carries us far beyond 
the limits of verifiable human knowledge. 
The former study is open to us and offers 
opportunities to science, but it has hitherto 
been almost completely neglected. Biology 
has now to redeem itself by effectual re- 
searches on consciousness. On the ade- 
quate prosecution of such researches we 
base great hopes. 

Before I close permit me a few words 
concerning the relations of consciousness 
to the body, to living substances through 
which it manifests itself. It is intimately 
linked to protoplasm. Probably no ques- 
tion is so profoundly interesting to all 
mankind as the old question, what is the 
relation of the mind to the body? It is a 
question which has been stated in many 
forms and from many points of view, but 
the essential object of the question is 
always the same, to ask whether conscious- 
ness is a function of living matter, or some- 
thing discrete and not physical or material. 

Throughout this address consciousness 
has been viewed as a device to regulate 
the actions of the organisms so as to ac- 
complish purposes which on the whole are 
useful to the organisms, and accordingly 
we have termed its function teleological. 
If this view is correct it accounts for the 
limitations of consciousness, its mechanical 
mode of work, its precision and definite- 
ness of action, for of course, unless con- 
sciousness is orderly and obeys laws, it 
cannot be of use to the organism, but, on 
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the contrary, it would be harmful, and 
conscious animals would have ceased long 
ago to survive. The very fact that con- 
sciousness is of such high value in the 
bionomy of an animal renders it obvious 
that it must be subject to law. Accord- 
ingly it appears to us regulated as do the 
functions of protoplasm. Hence to cer- 
tain modern thinkers it presents itself as 
a function of protoplasm, or, as it may 
be better stated, as a state or condition of 
protoplasm. 

The internal evidence of consciousness, 
however, is against this view and presents 
to us conscious actions as depending upon 
the consciousness. As before stated I be- 
lieve that this evidence must be accepted. 
Now all the sensations of consciousness are 
derived from physical force, and all the 
acts of consciousness are manifested 
through physical force ; hence if it has any 
real power consciousness must be able to 
change the form of energy. Unless we 
accept this doctrine, we must give up all 
belief in free-will and adopt the automaton 
theory of life. Is not the more reasonable 
explanation that which is based upon all 
the contents of our consciousness rather 
than that which we can draw by discard- 
ing the internal evidence which conscious- 
ness brings us? The hypothesis which I 
offer for your consideration is this: 

Consciousness has the power to change 
the form of energy, and is neither a form 
of energy nor a state of protoplasm. 

By this hypothesis there are two funda- 
mentally different things in the universe, 
force and consciousness. You ask why 
I do not say three, and add matter? My 
answer is that we do not have, and never 
have had, any evidence whatever that mat- 
ter exists. All our sensations are caused 
by force and by force only, so that the 
biologist can say that our senses bring no 
evidence of matter. The concept 'matter' 
is an irrational transfer of notions derived 



from the gross molar world of the senses 
to the molecular world. Faraday long ago 
pointed out that nothing was gained and 
much lost by the hypothesis of material 
atoms, and his position seems to me im- 
pregnable. It would be a great contribu- 
tion to science to kill off the hypothesis of 
matter as distinct from force. 

To conclude: The universe consists of 
force and consciousness. As consciousness 
by our hypothesis can initiate the change 
of the form of energy, it may be that with- 
out consciousness the universe would come 
to absolute rest. Since I close with a bold 
speculation let my last words recall to 
you that my text is : Investigate conscious- 
ness by comparative observations. Only 
from observation can we know. Correct, 
intelligent, exhaustive observation is our 
goal. When we reach it human science will 
be completed. 

Charles Sedgwick Minot. 

Harvard Medical School. 



RECENT PROGRESS IN AMERICAN BRIDGE 
CONSTRUCTION* 

In view of the great achievements in 
engineering construction which character- 
ized the latter part of the nineteenth cen- 
tury in America, it seems appropriate to 
give a brief review of the most recent pro- 
gress in one of its departments, that of 
bridge construction. It appears to be the 
more fitting since the place of this meeting 
of the Association is the greatest center 
of production of the material which con- 
stitutes the bulk of that used for modern 
bridges. 

The application of scientific principles 
to the construction of bridges is more com- 
plete to-day than ever before. This state- 
ment applies to the specified requirements 

* Address of the Vice-president and Chairman 
of Section D — Mechanical Science and Engineer- 
ing — of the American Association for the Ad- 
vancement of Science, Pittsburgh Meeting, June 
28-July 3, 1902. 



